IN connexion with work-on reversal of the frontal cilia on the gill filaments: of Mytilus edulis (1) , it became desirable to know whether the gills were capable of regeneration after injury. With the exception of the peculiar method of growth or regeneration of the incubatory gills in Cydas, briefly described by Poyarkoff (11) , which, even if his preliminary observations are confirmed, would hardly appear to be true regeneration,* the only reference that can be found on the subject of regeneration of the gills in Lamellibranchs is that in the paper by Bloomer (3) on malformed specimens of Anodonta cygnea, where the condition was apparently due to injury: he concluded" that the animal is able to repair even extensive damage to the mantle-lobes, but is not able to make good injuries to the gills" (3, p. 138).
As M. edulis is not infrequently found having the gills with very jagged ventral edges, and a few specimens even with the gills more or less entirely missing for a short length-in some instances almost certainly attributable to injury by boring whelk-tingles-it was thought that regeneration of gill filaments possibly might not occur in Mytilus. A single specimen experimented on in June, 1929, showed no signs, after 112 days, of regenerating the wedge-shaped pieces cut from the gills, beyond the formation of a food groove at the cut ends (see 1, p. 960) . From further experiments, however, it is evident that regeneration of the gills of M. edulis may occur.
.
EXPERIMENTS.
Mussels with strong shells (ca. 7.0-8.0 cm. long) were chosen for the experiments, so that the shells would not be likely to fracture easily on being forced open. The ease or difficulty with which the valves could be 552 D. ATKINS.
forced apart was taken as an indication of the condition of the mussel; those of which the valves could be easily forced apart were rejected.
The shell was first opened slightly with an oyster opener; the pointed and thin side of a wooden wedge inserted; worked further in and slowly twisted, until the mussel was forced open to the greatest width of the wedge (about 1.0 to 1.5 cm.). It was done gradually so as to strain the muscles as little as possible. In spite of care the shell fractured badly in some few instances, and the mussels had to be discarded.
The injuries were made near the posterior end of the gills,* owing to the difficulty of reaching any other part. So far as could be seen, the gills of all the mussels used were normal. The experimental mussels were placed separately in finger bowls, and the bowls sunk in one of the glass-fronted tanks in the general circulation in the Plymouth Laboratory, the tank used being in the shade. t An average .of two to four litres of tow nettings a day were tipped into the tank.
Temperature readings of the water in the experimental tank were not taken, but the highest and lowest morning readings (taken at about 9.30 a.m.) for each month, of water temperatures of a similar tank, three tanks away and on the same side of the building, are as follows: The experiments were started on November 29th and December 1st, 1929, and in February, two out of the ten experimental mussels were found to have died. Five individuals (A, 0, D, F, K in Table I) were opened on July 30th, 1930; of -the remaining three, one (E) was found gaping on September 15th, the two survivors (B and J) were opened on October 17th, 1930.
Notes on the experimental mussels are given in Table 1 .
* For convenience in description the two demibranchs on each side of the body are considered as two gills.
t Coulthard (6, p. 136 Result. (a) Regeneration both of food groove and filaments occurred (see Fig. 1 ).
(b) Pieces sloughed off: regeneration of food groove and of filaments followed (see Fig. 3 ).
(c) Pieces sloughed off: regeneration of food groove and of filaments followed (see Fig. 2 ).
(a) Regeneration of food groove occurred.
Injury (a) Regeneration of food groove occurred, but no appreciable regeneration of filaments. New food groove was very noticeable as it was almost unpigmented, while that on old part of gill was very darkly pigmented.
The gap was somewhat smaller than the piece removed, owing to the inward bending of the filaments at either end( b) As for right outer gill.
(c) As for right outer gill.ĩ
REGENERATION.
Regeneration of the gill of Mytilus consists of the formation of (a) food groove and (b) gill filaments. These may be considered separately, as the former may occur without any appreciable regeneration in length of the gill filaments.
(a) FOOD GROVE.
A food groove was formed at the cut edge of the gill in all cases, with but one exception, and is apparently always formed, if the cut edges of the filaments of the descending lamella are able to touch and soto fuse with those of the ascending lamella. In the exceptional case (see J, Table I ), the cut ends of the descending and ascending filaments had not fused together, but had rounded off independently, the two lamellm being unconnected in the region of the injury. The ventral edges of the lamellm were irregular, the filaments having irregularly swollen ends, and no food groove had been formed. There was some fusion of the filaments side by side, towards the ventral edge, and they appeared to be in a somewhat degenerating condition. The cut in this instance was made at the extreme posterior end of the gill where the filaments are either without interlamellar junctions, or there is only one to a filament; such junctions as existed were evidently in the piece of gill which sloughed off following the cut, and there was therefore nothing to prevent the remaining parts of the lamellre from separating; the non-fusion of their cut ends was apparently due to this cause. Mussels, which have been found with the ventral edges of the gills in a jagged condition, have been noticed to have continuous, though irregular, ventral food grooves, and offer additional evidence that a groove is practically always formed at the cut edge. An example of regeneration of a food groove following natural injury is sketched in Figure 18 , B, of a previous paper on abnormal gills in this journal (2, p. 512).
It was found that two secondary folds bearing food grooves were present on the descending lamelJa of the left outer gill of the experimental Mussel A, as shown in Figure 2 : some slight abnormality of the filaments occurred in corresponding positions on the ascending lamella. It is perhaps probable that the injuries done to the gill are accountable for these, though there appeared to be no difference in pigmentation between the secondary folds and the old part of the gill. It will be seen that the secondary groove near the ventral edge of the gill, runs from the main food groove in an anterior and dorsal direction, so that the current along its food groove diverges from that of the main groove instead of joining it, as is more usual in secondiJ,rygrooves on gills (see 1). On most of the filaments composing the larger secondary 557 groove there was no reversal of beat of the frontal cilia, but on a very few it occurred for a short stretch near the secondary groove. There appeared to be no change in directiou of the ciliary current on the filaments composing the smaller, and more dorsal secondary groove, but the filaments. were not examined singly.
. Gills (see 0, D, E, F and J, Table I ) which had been cut with a scalpel obliquely across the filaments-care being taken not to reach the ventral edge of the gill-in some cases the gill being unsupported, and in others supported by the blade of an oyster opener inserted behind the giU, curiously showed not the slightest sign of injury when examined under the microscope at the end of the experiments. The doubt arose, considering the difficulty of working with mussels with the valves only slightly separated, whether any cut had actuaUy been made. Iuvestigation with an opened mussel showed that if the gill was unsupported the frontaẽ pithelium alone was cut, the chitinous skeleton being sufficiently resistant to prevent cutting of the entire filament. FoUowing the cut, the epithelium peeled off away from it, leaving the chitinous skeleton exposed for a stretch of about 1.0 mm. When the gill was supported by the blade of an oyster opener the result varied. In some instances both lameUre. were cut through; in others only one lameUa, though the epithelium of the opposite one was injured; while in others, though the epithelium of both lamelhe was injured, few if any filaments were actuaUy cut through. In all cases the epithelium peeled off for a short distance on either side of the cut or injury. Thus, beyond the cutting of the frontal epithelium, the extent of the injury inflicted with a scalpel is not exactly determinable. However, in the case of the experimental mussels, it is most probable that at least in some instances the filaments were cut through, and there can be no doubt that then the cut ends fused cleanly; where the epithelium alone was cut or injured with consequent--peelingoff for a short distance, it had regenerated. This part of the experiment was done in an unsuccessful attempt to cause the formation of secondary food grooves; possibly a tear rather than a clean cut might be more efficacious, but pulling a bent mounted needle, which had been ground to a cutting surface, across the surface of the gill, as was done previously with several mussels, also produced no result. By the latter method the filaments seem to be pulled apart and injured, but not broken. Regeneration of the gill filaments did not invariably occur; in only one (see A, Table I ) out of four surviving experimental mussels, was regeneration unmistakable and of some amount (Figs. 1,2 and 3) . In one area on each of the two left gills of this mussel (Figs. 2 and 3 ) the piece regenerated was as great or slightly greater in amount than that lost; the maximum length of filament regenerated, 7.3 mm., occurred in a deep narrow area on the left inner gill (Fig. 3) , where, however, regeneration was not complete. The rate of regeneration in these gills would appear to have been rather greater than on the right inner gill of the same mussel (Fig. 1) , where the greatest length of filament removed was about 5.4 mm., while the greatest length regenerated was about 3.2 mm.; it may be that the shape of the piece severed from the gill has some bearing on this, a narrow deep gap being more rapidly filled in than a broad shallow one. In two mussels (B and J, Table I ) some slight amount of regeneration appeared to have taken place, but it was difficult to distinguish, as owing to the very pale tint of the gills there was no appreciable difference in An attempt has teen made to indicate the difference in degree of pigmentation of the old and new parts. The dark line underlying the food groove in the original part of the gill, represents the line of orange or brown pigment normally found in this position; the dark oblique lines represent interlamellar junctions; the dottcd wavy horizontal lines, ciliated discs. It will be noticed that a few filaments bordering on the injured area ant9riorly, that is at the deepest part of the cut, appear either to have not shared in the growth of the gill, or become reduced in length. (Anterior is on the right.) X ca. 6:1-.
degree of pigmentation of the old and new regions. It was judged to have ()ccurred partly on a comparison of the size of the pieces removed with the size of the gaps left in the gills at the end of the experiment, and partly ()n a consideration of the form of the filaments.
At the junction of the old and new part of the gill there is generally a slight bend in the filaments (Fig. 4) . In some cases (see Fig. 5 ) there may be lateral fusion of the cut ends of some of the filaments so that two or three will grow forward as one, and as a result there are {ewer in the new part than in the old. The ventral continuation of fused filaments is shown by sections to be single in structure as well as in appearance (Fig. 6, p. 562) , as might be expected if this rart were due to new growth; if it were due to fusion side by side of existing filaments this would in all probability be apparent in duplication of the chitinous supports in the fused part (see 2, p. 507). This lateral fusion of the cut ends of certain of the filaments, with forward growth as a single filament, resulted in an irregular number in the descending and ascending lamellre, and as a consequence, along the ventral edge of the gill instances occurred of the fusion of the ventral ends of two filaments in one lamella, with the ventral end of one in the opposite lamella. But the ease with which slight regeneration can be detected depends largely on the depth of pigmentation of the original part of the gill. The characteristic appearance of the normal gill-when looked at as a whole-with (a) the line of orange or brown pigment beneath the main ventral food groove; (b) the more opaque, sometimes darker, wavy lines running longitudinally across the surface of the lamella, due to the presence of ciliated discs; and (c) the more opaque, and sometimes darker, oblique lines, due to the presence of interlamellar junctions, is shown in the old part of the gill in the sketches in Figures 1, 2 and 3 . These three sets of markings on the gill are more clearly visible in some gills than in 'others, depending largely on the variation in general depth of pigmentation of the gills, which occurs in different individuals. In two mussels (B and J, in Table I ) the gills were so pale in tint that even the regenerated food groove showed up very faintly, though under the microscope the difference in pigmentation could be fairly easily seen. In one mussel (A, in Table I ), in which an appreciable amount of regeneration had occurred, the regenerated areas were obvious at a glance owing to the difference in intensity of pigmentation between them and the old part of the gill (Figs. 1, 2 and 3) . The newly formed parts were practically unpigmented, and the dark line of pigment normally present The junction (at x) between the old and new parts of the filament is marked by a slight bend: the difference in the. size of the ciliated discs in the two regions is noticeable, those in the new part being considerably smaller than those in the old part. One interlamellar junction is present in the new region and also the beginning of a second. Bouin's fixative. X ca. 35!.
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running parallel with the free ventral edge of the gill was lacking;' the pigment granules seen under the microscope in this position being too few to give any appearance of colour. In the case of the right-inner gill of mussel A (Fig. 1 ) the oblique dark lines on the old part of the gill, due to the presence of interlamellar junctions, were seen to stop abruptly when reaching the regenerated portion. Under low powers of the microscope, or with a lens, the dark wavy lines caused by the presence of the ciliated discs on the filaments were also seen apparently to stop, or alter in character, against the new tissue in all cases of regeneration of the gills of this mussel (Figs. 1, 2 and 3 these Jines, though present, were faint, and difficult to follow. The cause of the difference in intensity of the lines was apparent on examining single gill filaments in side view; in the regenerated part of the gill filament the ciliated discs were on an average about half the size of those in the original part of the filament (see Fig. 4 ), and were practically destitute of pigment granules. In those instances examined, they also differed in shape, being more or less circular, while those in the old part were somewhat triangular. Single filaments stripped ftom one part of a gill (preserved in formalin) where regeneration had occurred, showed the mucus cells, which were plentiful on the abfrontal face in the old part, to be absent, or not visible in a total unstained preparation, in the new part. This, however, is probably a point of little importance as the condition of the mucus glands is 563 new food grooves was clearly visible in sections passing from one to the other: these were cut a day or two after fixation and the pigment granules had retained much of their original yellow colour. Interlamellar junctions, to the number of two, have been observed in the regenerated part of some of the few filaments examined singly: they were finer than those in the original part of the filament. In the new part, some at least of the interlamellar junctions appear to be formed by outgrowth from the abfrontal face of one filament (Fig. 7) , three cases being noticed of small outgrowths in this position; two of these, of which note was especially taken, were from the ascending filament and were respectively about 1.2 and 2.59 illm. from the ventral edge of the gill. This is of interest in relation to the method of formation of these junctions in the normal development of the gill. According to Rice, they arise through the perforation of a short interlamellar septum, present between the ventral ends of the descending and ascending filaments (see 12, Fig. 8 , p. 73), and such as is found much more fully developed in Modiolus. This he refers to as the Modiolus stage in the development of the filaments of Mytilus.
In the regenerated areas, as shown by sections through the regenerated part of the left outer gill of Mussel B (Fig. 5) , much interfilamentar as well as interlamellar connection may occur, in part obliterating the interlamellar space. The condition of the filaments shown in Figure 8 was seen in part of the regenerated area, the particular section sketched being across some of the normal-looking filaments to the right of the median area of fusion, and between the two most ventral rows of ciliated discs seen in Figure 5 . In some parts a similar condition of groups of filaments -existed through much of their regenerated length (ca 1.0 mm.).
In a certain number of mussels slanting cuts were made, with scissors, from the ventral edge of the gill in a dorsal and anterior direction, in this way separating a triangular piece from organic connection with the gill, but without removing the piece, which remained connected merely by the -ciliated discs on the most anterior and longest length of filament. In the four gills treated in this way (mussels Band J with one gill in each, and mussel A with two gills cut), the pieces had more or less completely degenerated and fallen off. In one instance (left inner gill of B), it appeared that the cut ends of some few disconnected filaments at the depth of the cut (the longest pieces separated) had joined up again, but somewhat irregularly, the ventral ends of two joining the dorsal end of one and vice versa: in this case also, while most of the cut ends of filaments had sloughed off, there were five or so short lengths of filaments separated dorsally from the main part of the gill by a tiny space, but attached anteriorly 565 and posteriorly; but it is most probable that these filaments were in connexion with each other and the rest of the gill by some organic junctions.
In a previous experiment in June, 1929 (see 1, p. 961), some organically geparated ends of filaments were still connected, after 112 days, with each .other and with the main part of the gill merely by their ciliated discs. It, therefore, appears that though such cut pieces of filament may persist for a certain time, after a longer period they are very liable to slough off.
In one mussel (A, in Table I ) the two left gills were cut in the manner described above, and regeneration occurred, new tissue partly or entirely filling up the triangular gaps (see Figs. 2, 3) .
It may be noted that even after preservation in formalin, or in Bouin's picro-formol for rather more than three months, regenerated areas were recognisable owing to their greater translucence.
DISCUSSION AND SUMMARY.
Experiments have shown that the gill of Mytilus is capable of regeneration, and that this may occur in less than eight months. It may be confined to the formation of a food grove at the cut edge of the gill, without appreciable regeneration in length of the gill filaments. Regeneration of a food groove appears always to occur at the cut edge, if the ends of the descending and ascending filaments are able to touch and so to fuse. On the other hand, regeneration of gill filaments does not seem to occur invariably, and when it does the rate is slow, at least under experimental conditions and in mussels of a length of about 7.0 to 8.0 cm., such :as were used for the experiments: it is possible that regeneration would .occur more surely and rapidly in young mussels, but owing to the thinness of the shell they would be more difficult to wedge open without fracturing. Coulthard (6, p. 136), however, says that" The rate of growth is independent of size in the mussel, being apparently influenced only by the fmvironment." Perhaps the lack of an abundant food supply under the conditions of the experiments should be taken into consideration, though it is well known that in general the amount of food available to an animal has little influence on regeneration (9, p. 27). The salinity of the water in general circulation is about 36-370/00,that is, higher than normal sea-water, which is about 350/00,and would be considerably higher than the optimum salinity for growth (see Flattely and Walton, 7, p. 81 ). This may also possibly have a retarding effect on the initiation of regeneration and the rate.
It is obscure why regeneration does not always occur; so far as could be judged there was no difference in the method of making the cuts, there was little difference in tle size and ther~fore the age of the mussels used, 
